Aim :
Impact assessment of wastewater irrigations on growth and quality of turfgrass under planting with or without plastic base may be provided the information for feasibility of wastewater use in turf/lawn grass. Turfgrass ( L .v a r . selection-1) was planted under two planting methods (with plastic base and without) during 2013. Treatments were taken as three wastewater irrigation schedules of crop evapotranspiration (ETc, at 75, 100 and 125% and one control as groundwater irrigations at 100% ETc). The experiment was laid-out in randomized block design with three replications. Data were recorded on leaf firing, colour, quality and traffic tolerance of turfgrass continuously for 3 years (2013-16) through rating based monthly visual observations.
Monthly ratings on leaf firing, colour, quality and traffic tolerance of turfgrass were stated that leaf firing percentage was high during winter months and low in summer months. Ratings on colour and quality were found ranging between 6.5 to 8.0 (acceptable rating is 5) for most of months of the year excepting 3 winter months (December, January and February) in each year. In general, turfgrass grown under plastic base planting and irrigated at 125% ETc were observed to be associated with higher quality/colour.
Leaf firing, colour, quality and traffic tolerance of turfgrass was not affected by the wastewater irrigations practices. Plastic base planting and irrigation at 125% ETc may appreciably be enhanced by the appearance of turfgrass. soil type, turfgrass species and climate conditions. Most research addressing these issues have been conducted in the United States of America where the soil type, turfgrass species and climate conditions are quite different from Indian condition. The present study was therefore undertaken to study the Impact of varied wastewater irrigation schedules and planting methods on growth and quality of turfgrass ( L.) under Indian climatic and soil conditions. A field experiment was conducted at Indian Agricultural Research Institute (IARI) research farm, New Delhi, India during 2013-16. The study area being a part of the 6 Agro-Climatic Region/Zone (Trans-Gangetic Plains Region) and 4 AgroEcological Region (Hot semi-arid eco-region with alluvium derived soil) of India has subtropical and semi-arid climate with hot dry summer and cold winter. The long-term (past 30 years) average annual rainfall was 710 mm, of which about 75% was received in the monsoon/ rainy (wet) season during June-September. Soil of the experimental site was sandy loam. Soil pH (7.65) and EC (0.28 dSm ) were optimum. Mean soil organic carbon (0.35 %), available N (126 kg ha ) and available P (28 kg ha ) were low, whereas available K (282 kg ha ) was medium. Bulk density of soil was 1.54 mg m at a depth of 0-30 cm. The experiment was laid out in randomized block design with three replications and eight treatments viz T-1 : Groundwater irrigation at 100 % ETc under normal planting; T-2 : Groundwater irrigation at 100 % ETc under plastic base planting; T-3: Wastewater irrigation at 100 % ETc under normal planting; T-4: Wastewater irrigation at 100 % ETc under plastic base planting; T-5 : Wastewater irrigation at 125 % ETc under normal planting; T-6 : Wastewater irrigation at 125 % ETc under plastic base planting; T-7 : Wastewater irrigation at 75 % ETc under normal planting and T-8 : Wastewater irrigation at 75 % ETc under plastic base planting. The unit depth of irrigation was taken as 50 mm. Crop evapotranspiration (ETc) was taken as product of reference evapotranspiration (ET ) and crop coefficient (Kc) values. Reference evapotranspiration (ET ) was estimated by using FAO CROPWAT 8.0 model on daily basis. Crop coefficient (Kc) value of 0.85 was taken from Food and Agriculture Organization (FAO) website. A fertilizer dose of 200:200:100 kg NPK ha was applied. Turfgrass or Bermuda grass ( L.) was planted in May, 2013 by dibbling method with a spacing of 10cm x 10cm. Whole ground of the plot was covered full of turfgrass in the month of September, 2013. The observations were recorded on leaf firing, colour, quality and traffic tolerance of turfgrass as per procedure followed by National Turfgrass Evaluation Programme (NTEP, 2006; Shearman and Morris, 1998) , USA. Leaf firing was estimated as percent of chlorotic leaf area with 0% corresponding to no leaf firing and 100% brown leaves. Turf colour and quality were estimated based on a scale of 1-9, with 9 as green, dense and uniform turf, and 1 as thin and completely brown turf (Uddin ., 2011) . Traffic tolerance is the combination of wear and compaction stress that occurs whenever a turf is exposed to foot or vehicular traffic. Therefore, the traffic tolerance were also 
Introduction
A continuous population growth in developing countries such as India has caused an increase in consumption of existing fresh water resources. This population increase has not only increased freshwater demand but has also increased the volume of wastewater generated due to diversion of larger amounts of freshwater into non-irrigation sectors such as domestic, commercial and industrial, which generate greater volumes of wastewater (Quian and Mecham, 2005; Qadir ., 2007) . Thus, there is an urgent need to conserve and protect freshwater and to utilize the generated wastewater (Gan ., 2006;  ). Moreover, use of wastewater for irrigation may be a viable strategy for coping with shortages and/or the rising cost of fresh water in arid and semi-arid regions and in highly populated metropolitan areas (Harivandi, 2000) . Moreover, the farmers of urban and peri-urban areas are deliberately using wastewater for irrigation as it provides nutrients or is more reliable or cheaper than other water sources (Keraita and Drechsel, 2004) . Despite farmer's good reasoning, this practice can severely harm human health and the environment (Qadir ., 2007) not only the associated pathogens, but also heavy metals and other undesirable constituents depending on the source (WHO, 2006) .Additionally, farmers, consumers and some government agencies in many countries are not fully aware of the potential impacts of irrigation with wastewater (Qadir ., 2010) . However, the idea of using municipal wastewater for irrigating lawn/ turfgrass and other landscape plants is new and probably a bit unsettling to most people. Bermudagrass ( L.) is one of the most widely used turfgrass in tropical and subtropical regions in the world (McCarty and Miller, 2002) . Moreover, the parks, golf courses, cemeteries and other venues of non-food, urban horticulture will be better able to compete for wastewater as compared to fresh water in future (Harivandi, 1994 and 2012) . Moreover, several other arguments which favor the use of wastewater in turfgrass as compared to its use in food crops. First, wastewater contains higher quantities of nutrients and turfgrass in particular can absorb relatively large amounts of nutrients. It may greatly decrease the chances of ground-water contamination by wastewater irrigations. Second, turfgrass is a continuous growing plant species and wastewater is also produced continuously, therefore, it may sustain the supply and demand of wastewater for irrigating turfgrass. Third, wastewater is produced adjacent to cities where turfgrass are planted, thus it may minimize the transportation cost. And finally, soil-related chemical problems that might develop due to the use of wastewater will have a smaller social and economic impact if they develop where turfgrass are cultivated than if they develop where food crops are grown (Harivandi ., 1992) . Hence, it is clear that the turfgrass or lawn grass may be the best plants for wastewater irrigation. Besides, due to dense plant canopy and active root systems, turfgrass landscapes are increasingly being viewed as environmentally desirable disposal sites for wastewater (Anderson ., 1981) . It is necessary to have the knowledge about the impact of wastewater irrigation on turfgrass performance under particular on turf colour were similar to ratings on turf quality. Hence, it is clear from Fig. 2 that the differences regarding turf colour and quality among the treatments were not significant. However, the ratings on turf colour and quality were observed higher than the acceptable rating, which is 5 as per the guidelines of National Turfgrass Evaluation Programme of USA (NTEP-USA, 2006) and Alshammary . (2003) , in the summer months (April, May, June) and lower ratings (<5.0) were observed during the winter months (December, January and February) in each year of experimentation . Appreciably, higher ratings on turf colour and quality were associated with plastic base planting and wastewater irrigation scheduled at 125% ETc.. However, the impact of wastewater irrigations scheduled and applied at different ETc with or without plastic base planting on turf colour and quality were statistically at par. This may be due higher nutrients potential of wastewater. Lockett
. (2008) also reported that leaf xylem water potentials and color of turfgrass/golf courses grass were not significantly different with fresh and wastewater irrigations. The lower ratings on turf colour and quality in the winter months may be due low temperature and less bright sunshine hour. Harivandi (1992; 2004) observed a good growth and quality of turfgrass in wastewater irrigated plots. Leinauer . (2012) stated that all turfgrasses can maintain acceptable quality for a certain period of time when irrigation is less than 100% ETc, deficit irrigation, but to maintain a best turf quality for a long period of time, irrigation should be scheduled at more than 100% ETc. Turfgrasses survive drought stress by means of drought resistance mechanisms or by successful recovery from long term water deficits (Devitt ., 1992) . However, deficit irrigation is only effective if turf areas receive sufficient rainfall to occasionally recharge the soil profile (Shearman, 2008) . It is estimated based on visual ratings of 1-9 with 1 being no tolerance or 100% wear injury, and 9 being complete tolerance or no injury (Alshammary ., 2003) .
The differences regarding leaf firing, colour/quality and traffic tolerance of turfgrass among the treatments were not significant (Fig. 1, 2 & 3) . It indicated that there were no adverse impact of wastewater irrigation as compared to groundwater irrigation with or without plastic base planting at different irrigation schedules on growth, colour/quality and traffic tolerance of turfgrass. Qian and Meecham (2005) also reported a good appearance of turfgrass with both surface water and recycled wastewater irrigation. Moreover, several other studies which support that use of wastewater irrigation in turf grass could be an alternative to fresh water irrigation and also confirm that treated wastewater can be used for turf grass irrigation with a minimal environmental impact (Wu ., 1996; Barton ., 2005; Menzel and Broomhall, 2005; Lockett, 2008; Castro , 2011) . As per monthly observations on leaf firing, it was observed that the higher leaf firing was observed in winter months whereas lower percentage of leaf firing was in summer months. It was further observed from Fig. 1 that the leaf firing in turfgrass was inversely proportionate to the length of sunshine hours. This was may be due to because of minimum length of sunshine hours promoted the turfgrass plants to go in dormancy state which showed the browniness or leaf firing. In general, turfgrass grown on plastic base planting and irrigated with wastewater at 125% ETc were observed to be associated with less leaf firing, whereas the difference among the treatments were statistically not significant. Ratings observed 
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The growth and quality of turfgrass under wastewater irrigation were observed almost similar to the groundwater irrigated turfgrass. However, human health implications parameters needs to be further assessed. Plastic base planting and irrigation at 125% ETc may appreciably enhance the general appearance of turf or lawn grass. also clear from Fig. 3 that the traffic tolerance ratings were more than 7.5 in all the treatments and months. This may be due to nature of Bermuda grass which is a drought tolerance and hardy grass species. Samples and Sorochan (2007) also stated that Bermuda grass is a vigorous, low-growing turfgrass stand with high density and can withstand both traffic and drought stress. 
